After the Storm
Urban Flooding Forum: July 17, 2024

Flooding at KTTC: Rochester, MN July 6, 1978
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e Started watching weather at age 9

e St. Cloud State University

e Degrees in Meteorology and Broadcasting

* Weather Eye Inc. Kavouras, Inc.

* DNR State Climatology Office

* 25 years
e Lots of media interviews

* Weather and History



DNR Climatology Website (since 1992)

Minnesota State Climatology Office *

State Climatology Office - DNR Division of Ecological and Water Resources

about usn

Quick Links Present Climate Conditions Latest Developments

Twin Cities Climate Data . ] = Holy Wet Junel
Mark Seeley's Weather Talk Retrieve Past Climate Data . yuly Hydroclim

el L Summaries & Publications 2 july 4 Climalology
MNgage [report data] Agricultural Climate Data » Extreme Rain June 20-22
CoCoRaHS . » Extreme Rain June 18
NWS Data Retrieval Related Web S|tes = June 2-3 Heavy Rain

= Year-To-Date Precip Tooll

Data Summary Tables
Last 3 Days MSP

Hourly Roundup

Other Topics

MN Climate Trends Tool
Kuehnast Lecture Series
Climate Change

We’re in kind of a golden era for snowfall in Minnesota. Just keeping it on the ground has been the challenge. — Kenny
Blumenfeld
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https://climateapps.dnr.state.mn.us r

Institutional Associate Member - American Association of State Climatologists (AASC)
NOAA Weather-Ready Mation Ambassador



https://climateapps.dnr.state.mn.us/

MNgage Volunteer Rain Gage Network

Precipitation Observer Network
June 2023

s nﬁ 1682 Observers
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Equipment

Most
observers
use 4-inch

plastic
gauges



torm of June 30-July 1, 1978
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EASTCENTRAL FLASH FLOOD
(Northern Suburbs of St. Paul)
June 30 — July 1, 1978
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Storm of June 30-July 1, 1978

Courtesy:
St. Paul Pioneer
Press



Storm of June 30-July 1, 1978

Courtesy:
St. Paul Pioneer
Press



Storm of June 30-July 1, 1978

Courtesy:
St. Paul Pioneer
Press



1978- Year of Floods!

SOUTHEAST FLASH FLOOD
{Rochester Storm No. 1 & Austin Storm No. 1)
July 5-6, 1978
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The July 1987 Superstorm




Storm of July 1, 1997
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HILLCREST KNOLL-

July 1, 1997. 2.41 inches fell in one hour at the Twin Cities
International Airport. Total Rainfall 3-5 inches in this area.

Courtesy: Minnpost
https://www.minnpost.com/stroll/2016/12/hillcrest-knoll-park-reminder-neighborhood-lost-flooding/



- Very Wet 2010s in Southern and
Eastern Minnesota
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During the decade, much
of southern and eastern
Minnesota accumulated
40-65 inches of surplus
moisture.

Bike Trail in Maplewood
Courtesy: MNDNR State

Climatology Office



Very Wet 2010s

Flooded Road under I-35 in Maplewood: June 2014
Courtesy: MNDNR State Climatology Office



== Dry early 2020s in Minnesota

2020-23 precipitation
deficits build with many
places ten to fifteen inches
short of normal.

Old oak barely hanging on. U of M St. Paul:

October 5, 2022
Courtesy: MNDNR State Climatology Office



. Droughts can be broken in spectacular fashion
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The Future???
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What about 2041-2070°7?

Projected changes in the number of Projected changes in average
days with very heavy precipitation annual precipitation
(top 2% of all rainfalls each year) for the for the middle of the current
middle of the current century (2041- century (2041-2070) relative
2070) relative to the end of the last to the end of the last century
century (1971-2000) under continued (1971-2000) under continued
emissions (A2 scenario). emissions (A2 scenario).

Source: 2014 National Climate Assessment, Midwest Chapter Source: 2014 National Climate Assessment, Midwest Chapter

More precipitation and more heavy precipitation projected


http://nca2014.globalchange.gov/report/regions/midwest
http://nca2014.globalchange.gov/report/regions/midwest

In Summary

1. The 2010s were an extraordinary wet period.
2. Drought from 2020-2023, then a return to a wet regime?

3. Even though the trend is for a warmer and wetter climate,

expect variability.

Flooded Street in Stillwater: July 2023
Courtesy: Fred Bowen, MNDNR



DEPARTMENT OF
NATURAL RESOURCES

Any Questions?

Peter.Boulay@state.mn.us

651-539-2150

Departing Summer Storm: July 31, 2022
Courtesy: MNDNR State Climatology Office
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Where are Flood Losses?

* For traditional spring flooding, most losses are in the FEMA mapped
areas

* But overall, about 30-40% of National Flood Insurance Program (NFIP)
claims are outside of the FEMA mapped areas

* Over 50% of overall damages from flooding (including those who
don’t have flood insurance) are outside of the FEMA mapped areas

* Trends are showing more of the overall damage outside of the FEMA
mapped areas



Where are Flood Losses?

Some data
from FEMA’s
Charlie Cook



Where are Flood Losses?




What are Repetitive Losses?




Where are Flood Losses?




Where are Flood Losses?

* Chicago area — 98% outside of the Special Flood Hazard Area (SFHA)
e Detroit, Ml — 97% outside of the SFHA

 Cleveland, OH — 98% outside of the SFHA

*Gary, IN — 98% outside of the SFHA

* Milwaukee, WI —99% outside of the SFHA



Local Flood Risk Reduction Efforts for Urban Flooding

First some history!



July 1987 “Superstorm”

July 20-21, 1987

9 inches
of rain

Source: DNR State
Climatology Office




July 1987 “Superstorm”

July 23-24, 1987

11 inches
of rain!

93 square miles
with > 10 inches
of rain!

Some areas saw
> 16 inches with
the 2 storms.

Source: DNR State
Climatology Office




Comparison of Atlas 14 versus TP-40

Area of

1987
Superstorm




July 1987 Flooding

Photo source: City of Bloomington



July 1987 Flooding on 1-494

Yes, that
is a car!

Photos source:
City of
Bloomington



Communities with Stormwater Utilities — Early Adoptors

1984 Roseville

1985 Edina, Richfield, Robbinsdale, Shakopee

1986 Buffalo, Falcon Heights, Northfield, St Paul

1987 Fairmont

1988 Apple Valley, Bloomington (year after Superstorm)
1989 Hopkins



Communities with Stormwater Utilities

Source: Western
Kentucky
University - 2023
Stormwater
Utility Survey



https://digitalcommons.wku.edu/cgi/viewcontent.cgi?article=1007&context=seas_faculty_pubs
https://digitalcommons.wku.edu/cgi/viewcontent.cgi?article=1007&context=seas_faculty_pubs
https://digitalcommons.wku.edu/cgi/viewcontent.cgi?article=1007&context=seas_faculty_pubs
https://digitalcommons.wku.edu/cgi/viewcontent.cgi?article=1007&context=seas_faculty_pubs
https://digitalcommons.wku.edu/cgi/viewcontent.cgi?article=1007&context=seas_faculty_pubs

Stormwater Utilities by State

Source:
WKU 2023
survey



Spatial Distribution of Monthly Stormwater Fees

Source:
WKU 2023
survey



Reducing urban flooding impacts using smart
infrastructure

July 17,2024 DNR LGU forum

Ross Bintner PE., Engineering Services Manager

EdinaMN.gov



Outline

 Flood context in Edina

« Flood Infrastructure / Recent project example
* How it works
* Importance of storage
* Smart Infrastructure element

« Next steps




Risk Management

« Flood Risk Reduction Strategy approved by City Council in April 2020
« Incorporated into Water Resources Management Plan in 2022



dww.EdinaMN.gov

Flood Risk Reduction Strategy

Comprehensively reduce risk throughout the community.

l
} REGULATION
INFRASTRUCTURE Reducing exposure of homes and

buildings, reducing vulnerability
Building, renewing, operating, and

of homes and buildings that are
maintaining assets that determine exposed, ensuring people manage
exposure to flooding.

their own risk when making
improvements, and taking actions
that do not increase exposure of
neighbors.

EMERGENCY SERVICES OUTREACH & ENGAGEMENT

Preparing for emergencies, helping

the community recover after a flood,

mitigating carbon emissions, and
planning for more rain in the future.

Promoting awareness of exposure
and vulnerability, increasing system
understanding, providing resources

to help people reduce their own

vulnerability.



Magnitude of Flood Problem

« The 1% ACE Flood Map is shown
to the right.

* Urban first ring context

« On the surface, there is 130 acre-
feet of water to be managed.

« There are nearly 150 homes that
are at risk, either directly through
entries or indirectly through
elevated groundwater or sanitary
backups.

« Some homes are very low




Feasibility stage

« Used the water model to assess
many different options, considering
conveyance, storage, and
separation.

« What did we learn!?
* -This is going to be expensive
* -Not everyone will be completely
protected

* -There will have to be trade-offs
and balancing between costs and
benefits

 Flood risk will be reduced; no
one’s flood risk will increase







Critical pieces of the project

¢ Space is
limited...how do you
create the volume
desired!?

« Expanding a pond
horizontally provides
some volume

« Modifying vertically
provides even more;
$ M pump station

« $0.125M predictive
pumping







What is Smart Infrastructure?

« May also be called
adaptive level control
systems or real time
control.

 Established example is
Gray’s Bay Dam
Operational Plan




How it works: Data in

National Weather Service

6 hour forecast of probability
& rainfall, | 5-minute updates,

 Pressure transducer / Pond
level

Landscape and drainage
368 acres watershed

* 40 ac-ft smart storage
» Stage-storage-flow

« Rainfall-runoff




How it works: Plumbing

Typical
components

articulated
value shown

Morningside
IS a pump
installation



How it works: Storm Model

Typical +storage project
performance example

Consider a new
measure of flood-work,
the ac-ft-hr

Example | ac-ft, moved
| hour off-peak = | ac-

ft-hr

Storage volume (ac-ft)

Attenuation

(hr)

Time



How it works: Storm Model

Smart storage project
performance example

Can move flow ahead of
storm...

...or long after a storm

Peak flow

\
g 2
O
Predictive E
release /

—~<

Attenuation

\

days?)

o)

or flood
elevation
objective

Sto i

Time

Extended
Detention
release

%\}



How it works: Storage

868.3 1% probability elevation
(+58.5ac-ft)

864 0% probability elevation

860-862.4 (16.8ac-ft Extended
detention volume)

« Hold 3 days before allowing pump
down draw down as needed for
future storms

860 fuzzy normal
856-860 (23.2ac-ft Drawdown volume)

o Use 2’ first for storms and clean
water

« Use next 2’ for extreme storms
855-856 (5ac-ft below effective pump)




Storage Value

Earthwork (43560 cf/ac-ft / 27cf/cy x $25/cy)
= $40 K/ac-ft

Modify outlet hydraulics ($500K/40 ac-ft)
= $12.5 K/ac-ft

Add smart outlet ($125K/40 ac-ft)
= $3.1 K/ac-ft

We found a diminishing cost per marginal
unit of flood storage for our project




EdinaMN.gov

How it works: Example U

« Water level
» Pump status

- Expected runoff &
available capacity

- +forecast data




E8inaMN.gov

How it works: Algorithm

Clean water behavior

« Maximize settling
duration

Storm behavior

=

+ Minimize flow at peak of »

event
Extreme storm behavior

« Minimize peak elevation
and flow at peak of
event

=

Rules Based

3+ day hold, overridden by next
storm drain-downs

Partial drain-down
not allowed during rainfall

Full drain-down

Allowed during rain ahead of
peak for extreme rainfall



Vv water level
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EdinaMN.gov

Value: Flood / clean water services

« 100% reduction in wet
weather discharge in
95%+ of storms from
controlled area (1.3

runoff, ~2.5-3.25” event)

« More effective use of
storage for both flood
and clean water services

 Less erosive flood flows
in downstream natural
systems



~ 30 structures risk removed, | 30+ risk reduced,

~ 60 acre-feet of new flood storage (pond expansion 37, predictive pumping 23)
$13M spent for MFIP ($250K Flood Damage Reduction Grant)










BEdinaMN.gov

Next Steps

Partnership study at watershed scale

* Nine Mile Creek WD, City of Edina, Bloomington, Richfield, Eden
Prairie, Minnetonka, MN-DNR

« Multi-objective (flood, clean water; ecosystem health, streamflow
dynamics)

 Multi-locations (key points of flood constraint, key water quality
targets)

« Governance and regulatory hurdles

« 2025+ retrofit
« 20 year $50M plan for flood risk reduction



Contact

Ross Bintner PE.

Engineering services manager —
City of Edina

rbintner@edinamn.gov
952-903-5713




BLOOMINGTON 1987 SUPER STORM

AND URBAN FLOODING
‘ BRYAN GRUIDL, CITY OF BLOOMINGTON

July 17,2024

Administration, Engineering, Maintenance, Utilities

Public Works Department




TWIN CITIES SUPERSTORM OF JULY 1987

East Bush Lake Road




TWIN CITIES SUPERSTORM OF JULY 1987

o 7/20/1987 - Bloomington
received between 4 and 7
inches of rain in 6 hours.

o 7/23-24/1987 6-10 inches of
additional rain fell in about 5
hours.

» A highly localized and nearly
stationary severe thunderstorm
complex

o Five-day totals were 14-16
inches in Bloomington.




DAMAGE

o Infrastructure - roads, storm
sewer & culverts

o Overland flow resulting in:
e Failed retaining walls
e Slope failures
e Erosion

o Residential homes and
Businesses
e Wet basements

e Basements filled with flood water
to main level

e Collapsed basement walls




RESPONSE

o City divided into
multiple different
study areas

o Evaluated 3 different
design criteria:
e 1% chance event

¢ 1% chance event with
safety factor

e July 23 storm event
w/ antecedent
moisture conditions

Yorknine Pond
9 Hickok '

2,6AL 17a3200"
Q00 3200 as0a _ &400
— ———
M

A 0 [ B

INDEX OF STUDY AREAS
FIGURE 1




ESTIMATED COST BASED ON INITIAL ANALYSIS

100-yr Storm 100-yr Storm w/ Safety | July 23,1987 Storm
Factor

Total Estimated Cost $14,620,000 $18,820,000 $42,640,000




CITY OF

k.
).~ BLOOMINGTON
+ Reported Damage MINNESOTA

= Proposed Storm Sewer Wiy e
Localized Improvements | | PUIC PROPEATY

A wme wmoms
G

COMMERCIAL RECREATION PROPERTY

Total ﬁ-;lmlwy Cost of Improvements for Storms of July 20 and 23, 1987 - $26,600,000 [ |
(Does Not Include Oxboro Lake Area)
REVISED 1188

Proposed Improvements for Storm of July 23, 1987




FINANCING

o Establishment of Bloomington's Stormwater utility fee
e« SEC. 11.42. ESTABLISHMENT OF STORMWATER DRAINAGE UTILITY.

o Pursuant to Minnesota Statutes, Section 444.075, the City establishes a storm water drainage utility and authorizes the imposition of just and
reasonable charges for the use and availability of storm sewer facilities.

o (Added by Ord. No. 88-41, 5-23-88)

o Volume and water quality component

o Five distinct land uses
Cemeteries, Parks, Golf Courses

Single-family and duplex residential

Public and Private Schools and Institutions

Multi-family Residential and Churches
e Commercial and Industrial




WHERE ARE WE NOW?

o Modeled storm sewer system

o Inundation mapping (1% chance
event shown)

o Working with community to
understand risk

o Still working on implementing
projects to reduce flood risk
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